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ABSTRACT

Thedeterminationofthetumour’sextentisamajorchallengeinbraintumourtreatmentplanningand
measurement.Non-invasivemagneticresonanceimaging(MRI)hasevolvedasafirst-linediagnostic
toolforbrainmalignancieswithouttheuseofionisingradiation.Manuallysegmentingtheextent
ofabraintumourfrom3DMRIvolumesisatime-consumingprocessthatsignificantlyrelieson
theexperienceoftheoperator.Asaresult,theauthorssuggestedamodifiedUNetstructurebased
onresidualnetworksthatuseperiodicshufflingattheencoderregionoftheoriginalUNetandsub-
pixelconvolutionatthedecodersectioninthisresearch.TheproposedUNetwastestedonBraTS
Challenge2017withhigh-gradeglioma(HGG).ThemodelwastestedonBraTS2017and2018
datasets.Tumourcore(TC),wholetumour(WT),andenhancingcore(EC)werethethreemajorlabels
tobesegmented.ThetestresultsshowthattheproposedUNetoutperformstheexistingtechniques.
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1. INTRoDUCTIoN

Theaberrantcelldevelopmentinthehumanbraincausesabraintumour.Malignantbraintumoursare
becomingmorecommon,whichhasasignificantimpactonpersonsandsociety(Işınetal.,2016).From
literature,manuallydividingbraintumoursischallenging,muchworkisbeingputintodeveloping
asystemforautomaticallysegmentingbraintumourslocations.Inthemedicalfield,itiscriticalto
distinguishandinterpretmalignancies,andathoroughunderstandingisrequired.Manuallydefining
braintumourautonomousregionsfromMRIdataisaperceptualtaskthattakestimeandisliableto
error(Thahaetal.,2019).Thehistologygliomaisthemostcommonmalignantbraintumour,and
ithasthreesub-regions:tumourcore(TC),enhancingcore(EC),andwholetumour(WT).Gliomas
arethemostprevalentbraintumoursinadults,andtherearetwoformsofglioma:high-gradeglioma
(HGG)andlow-gradeglioma(LGG).Mostexistingbraintumoursegmentationresearchfocuseson
gliomaswhicharethemostfrequentbraintumoursinthepeople.TheHGGtumoursarecancerous
becausetheydevelopquicklyandcauseharmtobrainstructures.HGGtumourpatientneedssurgery
becausetheyarestillunableliveformorethantwoyears.EffectivetreatmentofLGGtumourshas
beenshowntoimproveaveragelifespan(Forsyth&Ponce,2011).
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2. RELATED woRK

Imagesegmentationisanimportantpartofmanyvisualcomprehensionsystems.Itentailsdividing
animage(oravideoframe)intoseveralsegmentsorobjects(Naiduetal.,2018).Medicalimage
analysis(e.g.,tumourborderextractionandorganvolumeassessment),autonomousvehicles(e.g.,
accessiblesurfaceandpedestrianrecognition),surveillancecameras,andvirtualrealityarejustafew
oftheapplicationsthatusesegmentation(Forsyth&Ponce,2011).Whereas,semanticsegmentation
classifyeachpixelintorespectivelabelsormasks,meansitassignsaparticularclasstoallpixels
inanimage.Deeplearningapproacheshaverecentlybecometheillegitimatenormforavarietyof
medicalimageprocessingapplications.Tosegmentanyimage,theexistingtechniques(Liuetal.,
2021)relyonunderstandingofdigitalimageanalysisandmathematics.Thecomputationissimple,
andthesegmentationgenerallyquick,butthecorrectnessofthesegmentednotguaranteesthecarry
ofmuchdetailsabouttheimage(Berinde&Ţicală,2021).Byautonomouslylearningastructure
ofimagefeatures,unsupervisedlearningalgorithmsavoidthedifficultyofdefiningandselecting
features(Dongetal.,2020).Randomforests(RF)andsupportvectormachines(SVM)areperhaps
themosteffectivesupervisedlearningalgorithmswithdiscriminativeclassifiersforeffectivebrain
tumouridentification(Dabijaetal.,2021).

Atechniquebasedondeeplearninghasmadesignificantadvancementinthedevelopmentof
imagesegmentationasoflate.Theprecisionoftheirsegmentationhasovertakenthatofstandard
tumoursegmentationinliteratureinrecentyears(Pramod,n.d.).Thefullyconvolutionalnetwork
(FCN)wasthefirstdeeplearningstructuretoproperlysegmentimagessemantically.Itwasthefirst
timeCNNswereusedformagesegmentation.Atypicalmodelcreatedbycombiningdeeplearning
andimageprocessingtechnologyistheconvolutionalneuralnetwork(CNN)(Chiranjeevi&Jena,
2017).Ithasproducednumerousachievementsinthefieldofimageanalysisandprocessingasone
ofthemostprominentneuralnetsintheareaofcomputervision.Thevarioustechniquesforbrain
tumoursegmentationare3-dimensional(3D)and2-dimensional(2D)segmentation,firstoneworks
onCTorMRIimages(Song&Montenegro-Marin,2021)andsecondoneworksonsliceofCTor
MRIimages(Kamnitsasetal.,2017).TherearelittletrainingdataoravailabilityoflabelsforMRI-
based3Dsegmentation(Pereiraetal.,2015),andincreasingthequantityofdataischallenging.Large
networkparametersandmemorylimitations,inparticular,maketraining3Dmodelsdifficult.In(Liu
etal.,2016)suggestedamultipathCNNforsegmentingthebraintumourregionsontheMRIimage’s
2Dslicedinput.Theyalsoemployedtwotrainingprocesses(phases)tocopewithuneveninputdata
classifications.To increasesegmentationperformance, inpaper (Havaeietal.,2017)designeda
boundary-awareFCN.Later,Guoetal.(Shenetal.,2017)createdDeepMedic,athree-dimensional
networkthatcollectslow-andmid-featuremapsandcombinesthemregionallyandabroadviaa
two-pathdesign.Trainingdatafor2Dsegmentation,butfromtheotherextreme,are155timesextra
abundant(each3D-MRIdatasetcomprises1552Dslicedinformation),hence2Dsegmentationhas
subsequentlyattractedinterest(Guoetal.,2021).Inpaper(Mengetal.,2018)proposedasegmentation
methodologyinwhichacascadedcombinationofCNNandFCNareusedforbraintumourdetection.
AcombinationofRecurrentNeuralNetworks(RNNs)andthelongshorttermmemory(LSTM)are
alsousedforimagesegmentationandareproposedbyJäremoin2021.Anearlyarticleonsemantic
segmentationbasedonde-convolutionwaspublishedbyNohetal. (JäremoLawin,2021).Their
modelismadeupoftwoparts:aconvolutionalencoderbasedontheVGG16-layernetwork,anda
deconvolutionalnetworkthattakesthefeaturemapasinputandcreatesamapofpixel-wiseposterior
probability.Patch-based2Dmodels,suchasPereira,andFCN-based2Dmodels,suchasU-Net(Noh
etal.,2015),aretwotypesof2Dbraintumoursegmentationdesigns.Toestablishwhicheverclasseach
identityrefersto,thepatch-basedmodelclassifiesnearbypatches.Pre-processing,classificationusing
CNNs,andpost-processingarethethreekeyprocessesinthepatch-basedmodelpipeline,whichtakes
timeandcannotbecompletedend-to-end.Forvarioustypesofimages,manyU-Netpostponements
havebeendeveloped.In(Ronnebergeretal.,2015),forexample,developedaU-Netdesignfor3D



 

 

15 more pages are available in the full version of this

document, which may be purchased using the "Add to Cart"

button on the publisher's webpage: www.igi-

global.com/article/brain-tumour-detection-through-modified-

unet-based-semantic-segmentation/301214

Related Content

User-Centric and Inclusive Design Methods: Implications for E-Healthcare
Alastair S. Macdonald, David Loudonand Christopher S. C. Li (2010). Biomedical

Knowledge Management: Infrastructures and Processes for E-Health Systems  (pp.

134-153).

www.irma-international.org/chapter/user-centric-inclusive-design-methods/42604

Magnetic Nano Particles for Medical Applications
C. K. Anjali, M. S. Navya Gayatri, M. Kumudha, H. S. Yoganand, K. Narayanand B.

Daruka Prasad (2013). International Journal of Biomedical and Clinical Engineering

(pp. 56-61).

www.irma-international.org/article/magnetic-nano-particles-for-medical-applications/101929

Medical Imaging
Ge Wang, Alex Cong, Hao Gao, Jie Zhang, Victor J. Weir, Xiaochen Xuand James

Bennett (2012). Handbook of Research on Biomedical Engineering Education and

Advanced Bioengineering Learning: Interdisciplinary Concepts  (pp. 634-712).

www.irma-international.org/chapter/medical-imaging/63403

Region of Interest Coding in Medical Images
Sharath T. Chandrashekarand Gomata L. Varanasi (2006). Handbook of Research

on Informatics in Healthcare and Biomedicine (pp. 303-313).

www.irma-international.org/chapter/region-interest-coding-medical-images/20594

Graph-Covering-Based Architectural Synthesis for Programmable Digital

Microfluidic Biochips
Daiki Kitagawa, Dieu Quang Nguyen, Trung Anh Dinhand Shigeru Yamashita (2017).

International Journal of Biomedical and Clinical Engineering (pp. 33-45).

www.irma-international.org/article/graph-covering-based-architectural-synthesis-for-

programmable-digital-microfluidic-biochips/189119

http://www.igi-global.com/article/brain-tumour-detection-through-modified-unet-based-semantic-segmentation/301214
http://www.igi-global.com/article/brain-tumour-detection-through-modified-unet-based-semantic-segmentation/301214
http://www.igi-global.com/article/brain-tumour-detection-through-modified-unet-based-semantic-segmentation/301214
http://www.irma-international.org/chapter/user-centric-inclusive-design-methods/42604
http://www.irma-international.org/article/magnetic-nano-particles-for-medical-applications/101929
http://www.irma-international.org/chapter/medical-imaging/63403
http://www.irma-international.org/chapter/region-interest-coding-medical-images/20594
http://www.irma-international.org/article/graph-covering-based-architectural-synthesis-for-programmable-digital-microfluidic-biochips/189119
http://www.irma-international.org/article/graph-covering-based-architectural-synthesis-for-programmable-digital-microfluidic-biochips/189119

